Objective: Interruptions are ubiquitous in everyday life, and recovering from interruptions requires several cognitive processes working in tandem. In this study, we assessed the effects of an interruption on the performance of older individuals with and without mild cognitive impairment (MCI) completing everyday tasks in a naturalistic apartment setting. Method: Thirty-two persons with MCI and 64 cognitively healthy older adults (HOA) completed two different sets of everyday activities, of which one received an interruption. Participants also completed tests assessing cognitive constructs thought to be important in interruption recovery including retrospective memory, prospective memory, planning, working memory, and executive function. Results: As a consequence of an interruption, participants with MCI took longer to complete primary task demands and made more substitution errors, but did not make more omission errors. In contrast, an interruption led HOAs to make more omission errors, but their time on task was not affected. Results from a hierarchical linear regression suggest that the ecologically valid interruption task time was more predictive of everyday functional status than the traditional neuropsychological measures. Conclusions: Results suggest that a brief task interruption taxed cognitive resources of both MCI and HOA groups, but was more detrimental to MCI in terms of time on task and total errors committed. Participant groups appeared to use a speed-accuracy trade-off to mitigate negative effects, where HOAs emphasized speed and MCI participants focused on accuracy. Amount of cognitive engagement/disengagement was also theorized to have played a role, where MCI may have maintained information online throughout the interruption, and HOAs disengaged and reengaged resulting in worse reactivation of goals. Although MCI held onto task goals, their execution of details was imperfect over the interruption delay resulting in substitution errors likely due to further taxed executive abilities.
Imagine being in the kitchen, simmering sauce on the stove, preparing to take the garbage out when your phone in the living room rings. Your neighbor is on the phone asking if he can borrow a cup of milk and states that he will be right over. This is an interruption scenario that might happen in different contexts throughout the day. In everyday life, people are often required to perform simultaneous activities that unknowingly become interrupted by a tertiary task, thereby changing a person's focus. The ability to efficiently disengage from ongoing activities, complete an interrupting task, and reengage in prior activities is a necessary competency to successfully and safely complete everyday tasks. In this study, we examine the effects of an interruption on the performance of older adults with and without mild cognitive impairment (MCI) in a naturalistic, real-world setting.
MCI is characterized as diminished cognitive ability that is greater than what could be considered normal aging but does not currently meet criteria for dementia (Petersen, 2004) . Research clearly indicates that individuals with MCI experience difficulties completing complex, instrumental activities of daily living (IADLs) including managing finances and medications (Farias et al., 2006; Marshall et al., 2011; Schmitter-Edgecombe, McAlister, & Weakley, 2012; . Moreover, impairment on activities requiring high cognitive demand, including task continuation following an interruption, have been identified as early markers for transition from cognitively healthy to MCI (Reppermund et al., 2013) . Despite self-reported problems (De Vriendt et al., 2012) , the impact of interruptions on individuals with MCI has yet to be examined to our knowledge.
For cognitively healthy adults, findings generally indicate that interruptions lead to reduced task performance. It is argued that a fixed amount of cognitive resources are available that are divided and/or diverted when an interruption occurs (Einstein, McDaniel, Williford, Pagan, & Dismukes, 2003; McDaniel, Einstein, Graham, & Rall, 2004) . People appear to be acutely aware of attentional resource limits and attempt to delay responding to an interruption until primary tasks are complete (Zijlstra, Roe, Leonora, & Krediet, 1999) . In a technical report of worker productivity, more than 1,000 individuals admitted going to great lengths to avoid being interrupted, including working offsite, relocating to a conference room to "hide," and refusing eye contact (Spira & Feintuch, 2005) . Employees also identified interruptions as contributing to workplace errors (Ly, Korb-Wells, Sumpton, Russo, & Barnsley, 2013; Ulanimo, O'Leary-Kelley, & Connolly, 2007) . Errors caused by interruptions include inaccuracies, omissions, and prolonged time on task (Bailey & Konstan, 2006; Cellier & Eyrolle, 1992; Eyrolle & Cellier, 2000) . Nearly half of all airplane accidents (Dismukes, Young, Sumwalt, & Null, 1998 ) and more than half of flight simulator accidents have been linked to interruptions (Latorella, 1998) . Even minimal interruptions (e.g., 3 second) can lead to task errors (Altmann, Trafton, & Hambrick, 2014) .
Interruption recovery requires interaction between multiple cognitive processes and brain regions including medial temporal and prefrontal lobe structures (Sakai & Passingham, 2004) . Although sensory input to the prefrontal cortex is maintained during a distraction (irrelevant stimuli that are to be ignored), electroencephalogram (EEG) data show that connectivity between brain regions is disrupted during an interruption and reactivated postinterruption (Clapp, Rubens, & Gazzaley, 2010) . Interruptions are considered multitasking events given the need to concurrently execute several goal related actions (Clapp & Gazzaley, 2012) . Retrospective memory, prospective memory, and planning are critical to multitasking (Burgess, Veitch, de Lacy Costello, & Shallice, 2000; Logie, Law, Trawley, & Nissan, 2010) . Prospective memory interruptions have been found to compound task performance (Einstein et al., 2003; McDaniel et al., 2004) . Intact retrospective memory is critical to return to a task postinterruption given the need to recall primary task demands (Trafton, Altmann, Brock, & Mintz, 2003) . Efficient planning ability is necessary to effectively carry out an appropriate action sequence (Trafton et al., 2003) . Further, people with strong working memory appear to be better equipped to navigate and recover from an interruption because of superior information storage capacity and ability to manipulate information (Lottridge & Chignell, 2007; Meys & Sanderson, 2013) .
In everyday life, interruption recovery requires the ability to draw on a range of cognitive processes acting together. To date, however, much of our understanding of the effects of interruptions has come from laboratory studies that have focused on a specific cognitive process. The association between cognitive resources tapped under strict administration conditions and those that occur in most real-world situations has been repeatedly questioned (Chaytor, Schmitter-Edgecombe, & Burr, 2006; Marcotte & Grant, 2009 ). To our knowledge, only one study with older adults has evaluated the effects of an interruption in a more natural environment. Shum and colleagues (2013) designed a "home-like" laboratory to assess the effects of interruption and planning on eventand time-based prospective memory in older and younger adults. Participants were asked to decide which recipes were the most time-and cost-effective, inspect the kitchen to see what items were available, and record ingredients that were missing. The participants were interrupted by a phone ringing and by the examiner apologizing for the interruption. The authors found that interruptions reduced performance on time-based but not event-based prospective memory.
To advance understanding of aging and cognitive effects on naturalistic everyday activity performance, researchers (e.g., Giovannetti et al., 2008; Schwartz, Reed, Montgomery, Palmer, & Mayer, 1991; Schmitter-Edgecombe et al., 2012) have developed coding schemes to quantify behaviors that effect task completion. Error codes have largely focused on omissions, commissions, and actions that are not task related. For each naturalistic task (e.g., dusting), steps necessary for task completion (e.g., retrieves duster) are clearly defined and missed steps (actions that are not performed) are coded as omissions. Commission is an umbrella term for task steps that are performed inaccurately; for example, substitution errors (alternate object/location used in place of target), searching behaviors, and perseverations (step performed more than once). Actions that are not task related are termed irrelevant actions or action-additions (Schwartz et al., 1991) .
Discrete error types are associated with specific cognitive changes. During the Naturalistic Action Test (NAT), a performance-based task that requires participants to complete multistep actions to complete a goal (e.g., make toast and coffee), Giovannetti and colleagues (2008) found omission errors to be associated with episodic memory deficits and reduced medial temporal lobe volume. Commissions, on the other hand, were predicted by executive dysfunction and decreased dorsolateral preforontal cortex white matter volume. These findings gave rise to the Omission-Commission Model (Giovannetti et al., 2008) , which suggests that deficits in distinct components of cognition (i.e., episodic memory, executive function), contribute to specific error types (i.e., omissions, commissions, respectively). Action addition errors have been linked to anterior cingulate cortex white and gray matter in individuals with dementia suggesting that they represent a separate clinical aspect of error completion (Giovannetti et al., 2008) .
Consistent with the Omission-Commission Model, SchmitterEdgecombe and colleagues detected divergent IADL error comThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ponents related to specific cognitive functions in a naturalistic apartment setting. Specifically, HOAs, compared with young adults, completed subtasks inefficiently (commission error subtype) which were associated with lower executive functioning (McAlister & Schmitter-Edgecombe, 2013; (2013) study, research on the impact of interruptions has involved self-report or standardized experiments in laboratory settings. The primary aims of this study were to (a) assess the effects of task interruption in a naturalistic environment in individuals with MCI and HOAs, (b) examine the relationship between cognitive domains thought to be impacted by an interruption (i.e., working memory, planning, retrospective memory, prospective memory, executive functioning) and interruption task performance, and (c) determine whether the interruption task is predictive of everyday functioning beyond cognition alone.
The effects of an interruption were hypothesized to be more detrimental to individuals with MCI than HOAs given that cognitive domains associated with interruption recovery are frequently diminished in this population, including working memory (Kirova, Bays, & Lagalwar, 2015; Migo et al., 2015) , episodic memory (Lombardi, Perri, Fadda, Caltagirone, & Carlesimo, 2018) , prospective memory (Tam & SchmitterEdgecombe, 2013; Troyer & Murphy, 2007) , planning (Sanders, Low, & Schmitter-Edgecombe, 2014) , and executive function (Kirova et al., 2015; McAlister, Schmitter-Edgecombe, & Lamb, 2016) . Episodic memory and executive abilities have been linked with omission and commision errors, respectively (Giovannetti et al., 2008; Gold, Park, Troyer, & Murphy, 2015; , and we expect to see a similar relationship in the current study. Instead of examining commissions as a single error value, we chose to separate substitutions from other inefficient actions because (a) found that substitution errors were related to general cognitive status and may become more pronounced as cognitive load increases as we would expect to happen with an interruption, and (b) we can experimentally create a number of substitution opportunities for controlled measurement, whereas other inefficient behavior cannot readily be experimentally controlled. We anticipated that individuals with MCI would make more substitution errors than HOAs on the interruption condition. Consistent with prior work (Schmitter-Edgecombe & Parsey, 2014), we also expected that the MCI group would commit more omission errors than the HOA in both conditions.
Method Participants
Participants were 32 persons with MCI (23 female, 9 male) and 64 HOAs (40 female, 24 male), age 50 or older. To increase study power, two HOA participants were matched on age, education, and gender to each MCI participant. Participants with single-(N ϭ 18) and multidomain (N ϭ 10) amnestic MCI and single-(N ϭ 3) and multidomain (N ϭ 1) nonamnestic MCI are represented in this sample.
Criteria for MCI was consistent with Petersen (2004) criteria and included (a) self-report or knowledgeable informant report of subjective cognitive impairment for 6 or more months, (b) objective cognitive impairment in one or more cognitive domains taking into account intraindividual variability and clinical judgment; observed scores fell 1. Reeve et al., 2007) . Inclusion criteria for HOAs included (a) no self or informant reported cognitive changes, (b) lack of objective cognitive impairment, and (c) absence of severe depression. Two independent neuropsychologists reviewed and classified each participant. When available, collateral medical information, including the results of laboratory and brain imaging studies, were obtained and reviewed. Participants were recruited through advertisements, community health and wellness fairs, physician referrals, and from past studies in our laboratory.
Participants completed two evaluation sessions scheduled one week apart. Each testing session lasted approximately 3 hr. The first session included a battery of standardized and experimental neuropsychological tests completed in a laboratory or office setting. The second session included a variety of IADL assessments within an apartment located on the [Washington State University] campus. The campus apartment is a two-story townhouse with a kitchen, living room, dining room, and foyer on the first floor and three bedrooms and a bathroom on the second floor. One of the bedrooms on the second floor has been converted into a control room where examiners provide participants instructions through an intercom system, allowing the participant to move freely throughout the first floor. Six video cameras project a live video feed onto three computer monitors, allowing examiners to view participant activities downstairs. Examiners coded participant behaviors as it was occurring. Following the session two independent examiners reviewed the videos to confirm accurate coding prior to analysis. This protocol was reviewed and approved by the Institutional Review Board at [Washington State University].
Procedure
The interruption task was completed during the second session in the campus-based apartment. Prior to completing the interrupThis document is copyrighted by the American Psychological Association or one of its allied publishers.
tion task, participants completed an orientation task (Amap Task; Sanders & Schmitter-Edgecombe, 2017 ) and six individual scripted everyday tasks (e.g., sweeping and dusting, watering plants). Participants were therefore very familiar with the apartment layout and the location of cupboards and closets prior to the interruption task. For the overall interruption task participants completed two different sets of everyday activities, labeled as the lemonade task and the oatmeal task. Each task required participants to complete two activities (referred to as a set of activities). For the lemonade task participants were asked to (a) make a glass of lemonade and (b) check the sandwich bag box and replace it if empty, which it was. For the oatmeal task participants were asked to (a) make a bowl of oatmeal and (b) check the hydrogen peroxide expiration date and throw it away if expired, which it was. Please see Table  1 for lemonade and oatmeal task instructions. Prior to initiating the task, participants were required to repeat the instructions to the examiner. If the participant did not recall one of the eight instruction elements they were prompted (e.g., were you asked to make something?). If they failed to recall the instruction element after a prompt the task instructions were repeated and participants were again asked to recall task instructions. The instructions were repeated three times or until participants recalled all instruction elements. All participants were able to correctly repeat all instruction elements with two or less repetitions.
Each set of activities had 20 subtask steps and equivalent opportunities for omission (20) and substitution (14) errors. The set of activities were counterbalanced so that approximately half of participants completed the lemonade task first and half completed the oatmeal task first. Each participant received one interruption during either the lemonade or the oatmeal task. The interruption condition and control condition (no interruption) were also counterbalanced between task (lemonade or oatmeal) and delivery sequence (first or second).
Prior to beginning the tasks, participants were told that they should pretend that the apartment was their home and respond to interruptions, such as the phone or door bell ringing. For the interruption condition, an examiner in the second floor control room called the participant on a wireless phone placed on the living room coffee table after they completed one of the 20 subtask steps (e.g., retrieves lemonade). Given that all aspects of each task begin in the kitchen, answering the phone required the participant to physically move from the kitchen to the living room. Once the participant answered the phone the examiner stated they forgot their stopwatch on the dining room table and requested that the participant gather it and meet them at the bottom of the stairs in the apartment foyer. After the stopwatch was given to the examiner the participant was told to resume primary tasks. The interruption was the same for both the lemonade and oatmeal tasks. The interruption added an additional seven task steps. The interruption followed the first subtask for maximum experimental control. If the interruption occurred after a certain lapse in time, we could not control for number of steps already completed. If the interruption occurred after a certain number of steps were completed, we could not control for elapsed time on task.
Measures
Task outcome variables. Behavioral coding was clearly defined and based on our previous studies examining everyday functioning (McAlister & Schmitter-Edgecombe, 2013; SchmitterEdgecombe & Parsey, 2014; Schmitter-Edgecombe, Parsey, & Cook, 2011) . Please see Table 2 for description of each primary outcome variable and number of possible opportunities for each error type. Examiners coded behavior in real time, next two independent raters reviewed recorded video feed and made adjustments to behavioral coding as necessary to ensure accuracy. Interrater reliability for the independent raters was 99% and consistent with our coding schemes previously developed (i.e., 92-99%).
Cognitive variables. Cognitive variables were selected to represent the five cognitive constructs thought to play an important role in task interruption recovery. Please see Table 3 for a list of each task by cognitive domain. Like most neuropsychological tests, the selected tests are not process pure, yet were chosen because they are highly associated with the specific cognitive domain. A cognitive composite was also created by first standardizing scores from the neuropsychological tasks and then averaging the standard scores.
Functional ability variable. The 27-item Instrumental Activities of Daily Living: Compensation Scale (IADL-C) was developed to capture early functional difficulties . The total score from knowledgeable-informant report was included in analyses.
Analyses
To determine whether the oatmeal and lemonade tasks could be collapsed across conditions to result in one overall interruption condition score and one control condition score, paired samples t tests were completed. With the exception of inefficiencies, no significant differences emerged between tasks (ts Ͻ 1.09, ps Ͼ .05). When inefficiency errors were examined more closely, we found that the lemonade task produced a frequent additional taskrelated activity error (i.e., washing the spoon after stirring the lemonade). Once the additional task-related activity error code was removed from the total inefficiency score, no significant differ- Table 1 Lemonade and Oatmeal Task Instructions Lemonade Task instructions: For this series of tasks, I would like you to make a glass of lemonade following the directions on the lemonade container. The items you will need to make the lemonade are located in cupboard "A" and the utensils are in cupboard "B". There is filtered water in a Britta pitcher in the refrigerator. When you are finished, please bring the drink and a coaster, which is located on the dining room table, to the coffee table and put away all other items. Please also determine whether you need to replace the box of sandwich bags, which is located in Cupboard B. You can find a replacement box of sandwich bags in the supply closet. Oatmeal Task instructions: For this series of tasks, I would like you to make a bowl of oatmeal following the directions on the oatmeal container. The items you will need to make the oatmeal are located in cupboard "A" and the utensils are in cupboard "B". There is filtered water in a Britta pitcher in the refrigerator. When you are finished, please bring the oatmeal and an eating utensil to the dining room table and put away all other items. Please also determine whether the hydrogen peroxide located in cabinet B is out of date. If it is out of date, please throw it away and write "hydrogen peroxide" on your "grocery list" which is hanging near the supply closet door. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ences between the oatmeal and lemonade task remained, t ϭ 1.72, p ϭ .09. t tests were then used to examine group differences in terms of demographics (age, gender, education) and performance on the cognitive variables. For time and error analyses, nonparametric tests were used given slightly skewed (Ͻ 2.88) and Kurtotic (Ͻ 9.22) data that did not meet normality standards. Mann-Whitney U and Wilcoxon signed-ranks test were used to examine error differences between conditions and within groups, respectively. Additional analyses that attempted to normalize error data by taking the square root prior to running repeated measures ANOVA were also performed. Results were consistent with the nonparametric analyses. Nonparametric results are presented because of inability to transform data to meet normality standards. Measure of effect size was computed by taking the z that is used for a normal approximation test and dividing it by the square root of the total sample size (Rosenthal, 1991) . All analyses were carried out without interruption steps to allow for direct comparison to the control task. A hierarchical regression was used to determine the relationship between task time and error variables and the cognitive variables thought to be important in interruption recovery. Prior to running the regression, Pearson correlations were completed to determine whether age or education was significantly related to each outcome variable, p Ͻ .01, and should be included in the regression analyses. Finally, a hierarchical regression was used to examine whether the interruption task adds predictive value over and above cognition when predicting knowledgeable informant rated everyday functioning (IADL-C).
Results

Demographic and Neuropsychological Data
Demographic and neuropsychological test data for the MCI and HOA groups are presented in Table 4 . t tests revealed that the MCI group performed more poorly than the HOAs on the working memory (Digit Span), executive functioning (Trails B), prospective memory, and retrospective memory (MAS list delayed) tasks. There was no significant difference between groups on Zoo Map task Part 1 time, t ϭ Ϫ1.27, p Ͼ .05, or accuracy, t ϭ 0.47, p Ͼ .05. Zoo map task time was chosen as the measure of planning because the accuracy score ranged only from 0 -4. The groups did not significantly differ in age, level of education, or self-report of depression and distress symptoms (PROMIS).
Outcome Variables
Means and standard deviations for the outcome variables can be found in Table 5 . Use of an alternate object (e.g., tea instead of lemonade) or placing an object in the wrong location (e.g., cupboard A instead of B). Number of possible substitution error opportunities ϭ 14.
Inefficiency error
An action that slows down or compromises the efficiency of task completion including additional task-related activities, searching behaviors, and corrected errors and microslips (e.g., start to reach for cupboard A and make correction to open cupboard B). Additional task-related activities were removed from the total inefficiency error score given that more were made on the lemonade than the oatmeal task. Number of possible inefficiency error opportunities ϭ no upper limit.
Irrelevant action error
An action unrelated to the activity (e.g., poured a glass of milk). Number of possible irrelevant action error opportunities ϭ no upper limit. Error total score Sum of omissions, substitutions, inefficiencies, and irrelevant actions. Possible error total ϭ no upper limit. (Reitan, 1958) . Prospective memory Sum (10 maximum) of an event-based prospective memory task that required participants to ask for a pill bottle each time they were asked to rate how challenging they found a task (Schmitter-Edgecombe, Woo, & Greeley, 2009 Inefficiencies. No significant differences in inefficient action errors emerged between or within groups across the interruption and control conditions, zs Ͻ Ϫ1.00, p Ͼ .05.
Irrelevant actions. No significant differences in irrelevant action errors emerged between or within groups across the interruption and control conditions, zs Ͻ Ϫ0.78, ps Ͼ .05.
Regression Analyses
Cognitive predictors. Regression analyses were run to determine the relationship between cognitive predictor variables (i.e., retrospective memory, working memory, prospective memory, executive functioning, planning) and interruption outcome variables. To reduce the number of regression analyses, we only included time and the error subtype variables that had significant differences across conditions (i.e., omissions and substitutions). Regression analyses were not run for irrelevant actions and inefficiencies given that no significant differences emerged. Analyses included all participants to increase power and because it is beneficial to examine functional abilities on a continuum (Seligman, Giovannetti, Sestito, & Libon, 2014) . Correlations among the predictor and criterion variables can be found in Table 6 . Age was found to be positively correlated with interruption (r ϭ .39, p Ͻ .001) and control, r ϭ .36, p ϭ .001, condition completion time (in seconds), suggesting that participants took longer on the task with increasing age, a common finding (e.g., Crook, West, & Larrabee, 1993; Thompson, Blair, & Henrey, 2014; Williams, Hultsch, Strauss, Hunter, & Tannock, 2005) . Age was therefore entered into the first block of all regression analyses for consistency. There was no multicollinearity among the cognitive predictor variables, as the variance inflation factors for each variable were less than 1.0. Results are presented in Table 7 .
Time. Functional ability. Next we examined whether the interruption task measures would account for more variance above and beyond cognition when predicting everyday functioning (IADL-C) as rated by a knowledgeable informant. To reduce the number of predictors entered into the regression, the substitution and omission error types were summed to create one interruption substitution/omission error score and one control substitution/omission error score. The cognitive variables were standardized and averaged to create a cognitive composite. Age was again entered into the first block, followed by the cognitive composite in the second block, and interruption task time, control task time, interruption substitution/omission errors, and control substitution/omission errors in the third block. There was no multicollinearity among the predictor variables, as the variance inflation factors for each variable were less than .99.
Results are presented in Table 8 . The cognitive composite was found to account for significant variance in informant-reported IADL performance over and above that accounted for by age, ⌬R 2 ϭ .15, F(1, 62) ϭ 10.66, p ϭ .002; total R 2 ϭ .15, and was a significant predictor of IADLs, B ϭ Ϫ0.17, t ϭ Ϫ3.27, p ϭ .002. The interruption task predictors also accounted for significant variance in IADL performance over and above both the cognitive composite and age, ⌬R 2 ϭ .17, F(4, 58) ϭ 3.55, p ϭ .01; total R 2 ϭ .31. Interruption condition time emerged as the only signif- 
Discussion
In this study, we assessed the impact of a brief interruption on the performance of older individuals with and without MCI in a naturalistic apartment setting. The relationship between interruption task performance and cognitive variables thought to be related to interruption task recovery were also explored. Further, we investigated the question of whether the naturalistic interruption task could help explain functional IADL performance as rated by knowledgeable informants more than cognition alone.
We found that, in comparison with the HOAs, the MCI group took significantly longer to complete the subtasks (e.g., make a glass of lemonade, check hydrogen peroxide date) and made more total errors during the interruption condition, but not the control condition. This initial finding suggests that individuals with MCI are impacted by an interruption to a greater extent than HOAs, resulting in more overall errors and slower completion of activities. It is equally important to note that performance of individuals with MCI did not differ from HOAs in terms of time or total errors when the set of tasks were completed without interruptions, demonstrating that the interruption taxes cognition and impairs performance and supports the theory that there is a fixed amount of cognitive resources available that are taxed when an interruption occurs (Einstein et al., 2003; McDaniel et al., 2004 ).
An interesting trade-off between speed and task accuracy for the interruption condition was found. Specifically, participants either slowed down and did not show an increase in omission errors or continued at the same speed, but increased errors of omission. Participants with MCI appeared to use the former approach. That is, the MCI group was slower on the interruption condition compared with the control condition, but committed a similar number of omission errors across conditions. In contrast, the HOA group may have utilized the later approach; they completed the interruption condition at the same speed as the control condition but made more omission errors. When no interruptions were present, consistent with prior work (Giovannetti et al., 2008; SchmitterEdgecombe & Parsey, 2014) , participants with MCI made more omissions than HOA. When the task was interrupted, however, the number of omission errors made by HOAs increased and did not differ from those made by individuals with MCI, suggesting that the interruption also taxed HOA's cognitive resources, causing them to make errors similar to those seen in the MCI group. Participants in both the MCI and HOA groups did not miss any interruption specific steps (e.g., answer phone, retrieve stopwatch).
Although it is unknown whether individuals used a conscious or unconscious strategy to help manage interruption effects, we hypothesize one reason may be attributable in part to cognitive engagement/disengagement. MCI participants may have, understandably, been more leery of cognitive lapses given their propensity and attempted to navigate the interruption by slowing down and holding task information online in rote maintenance, which allowed them to complete subtask demands without further amnestic deficits. In contrast, HOAs, who may not be as acutely aware of cognitive weaknesses, were hypothesized to have fully disengaged from all task-related goals, switched focus of attention to the interruption, and reoriented their attention following the interruption as proposed by Trafton et al. (2003) among others. As a result when HOAs finished the interruption they completed that remainder of the task at same pace as during the control condition with loss of full reactivation of subtask goals. Additional studies are needed to test these suppositions.
Further examination of error subtypes beyond omissions revealed that the MCI group made significantly more substitution errors than the HOA group in the interruption condition. Importantly, substitution errors did not differ between groups in the control condition. This suggests that the interruption itself, rather than task demands in general, was a critical factor in the increase of substitution errors made by the MCI group. Prior work has also found that, in uninterrupted conditions, MCI participants generally do not make more substitution errors than HOAs, whereas individuals with dementia make more substitutions than both HOAs and individuals with MCI ). In the current study, the increased cognitive load may have further taxed cognitive resources and led the MCI group to make more substitutions, errors that are more commonly seen in persons with dementia.
Substitution and inefficiency errors are subcomponents of commission errors (Schwartz et al., 1991) . When examined separately, substitutions were the only error type to increase in MCI participants when an interruption occurred. Schmitter-Edgecombe and Parsey (2014) found that substitution errors were related to general cognitive status and became more frequent in persons with dementia. Consistent with prior results (Schmitter-Edgecombe & Parsey, 2014), we did not find differences between HOA and MCI participants in the number of inefficiency errors. Earlier research found that HOA and MCI participants make more inefficiency errors than younger adults, with inefficiency errors being related to executive functioning. The current results are in agreement with the supposition that substitution and inefficiency errors are separate examples of commission behavior in terms of underlying cognitive process and should be evaluated as such, rather than pooled together. Finally, irrelevant actions were very low for both the MCI and HOA groups (mean near zero) and were not affected by the task interruption. This is consistent with findings that suggest that irrelevant actions are associated with more severe cognitive impairment (SchmitterEdgecombe & Parsey, 2014) and brain changes (Giovannetti et al., 2008) .
Cognitive predictor regression analyses were performed to determine what cognitive abilities underlie task completion speed, omissions, and substitution errors. Executive functioning, working memory, and prospective memory were all significant predictors of control condition (uninterrupted) task time. Retrospective memory was the only significant predictor of interruption task completion time. This suggests that in the control condition, memory for information is not as critical for fast task completion as holding task instructions on line in working memory, planning what to do and when, and carrying out decisions. After an interruption, however, time may be inflated (particularly for MCI) because it requires participants to think back to what they need to do for accurate task completion. The cognitive measures did not emerge as significant predictors of omission errors in the interruption condition. In the control condition (uninterrupted), planning ability was the only significant predictor. Although HOAs completed both This document is copyrighted by the American Psychological Association or one of its allied publishers.
conditions in the same amount of time, the interruption may have compromised cognitive resources, making it more difficult to access and carry out the plan after the interruption. Additionally, or alternatively, patients may have overcompensated for time, at the expense of accuracy. Reduced time on task following interruption was also observed by Zijlstra and colleagues (1999) and Westbrook, Coiera, et al. (2010) . Both experiments found that employees completed their primary tasks faster when they were interrupted suggesting a compensation for lost time through a hastening of time on task. Although Zijlstra et al. (1999) found equivalent accuracy, they noted that interruptions had a negative psychological cost and led to increased effort expenditure. Westbrook, Woods, et al. (2010) , however, found that physicians failed (omitted) to return to a significant portion of primary tasks following an interruption, similar to our HOA sample. Consistent with the Commission-Omission model, omission errors in the current study were significantly correlated with episodic memory (i.e., retrospective and prospective memory tests). Omission errors were also significantly related to planning abilities. This may be because participants were required to complete a set (two) of activities (e.g., make lemonade and check to see whether the sandwich bag box needs replacing) and more subtask steps than the NAT (e.g., make coffee). In terms of substitutions, executive function was a significant predictor in the interruption condition. The relationship between substitutions and executive function is consistent with previous research by Humphreys and Forde (1998) and Giovannetti and colleagues (2008) , which suggests that interference from distractions results in executive control deficits and poor impulse control among competing (substitute) objects. In our study, all target and substitution objects/locations were visually and/or functionally similar (e.g., grits/oatmeal; filtered water/ faucet water; cupboard A/cupboard B). Giovannetti and colleagues (2008) found that target-similar objects led to greater interference compared with objects that were unrelated in individuals with dementia. This is a critical issue because in real-world environments, target and functionally similar nontarget items are often stored in the same location. Recommendations for managing substitution errors, therefore, may include removing target-similar distracter objects and avoiding clutter whenever possible; for example, storing daily medications in a separate location from all other medications, keeping bills to be paid separate from paid bills, and keeping similar cooking ingredients in different locations.
Although traditional neuropsychological measures are able to detect and stage cognitive impairment that is related to functional impairment, they may be less equipped to adequately predict how an individual is functioning in their everyday life. To aid the exploration of the ecological aptitude of neuropsychological assessments, we examined whether the interruption task was more predictive of everyday functional status as rated by a knowledgeable informant than a cognitive composite. Regression analyses revealed that the cognitive composite was significantly predictive of everyday functioning over and above age, but was no longer a significant predictor when the interruption task variables were included. Consequently, and consistent with prior work (Schmitter-Edgecombe et al., 2012; SchmitterEdgecombe et al., 2011; , the more ecologically valid and complex interruption condition was found to be a better predictor of everyday functional status as measured by informant report than the more traditional neuropsychological measures. This finding also adds to the growing body of knowledge that supports the utility of examining people under naturalistic conditions when evaluating functional status. Interestingly, time to complete the interruption condition task emerged as the only variable that was a significant predictor of everyday functional ability, with slower task performance predicting worse functional ability. Time is an easy to measure variable that does not involve training in behavioral coding. An interruption task may, therefore, be a practical and naturalistic measure of everyday functioning.
Regarding study limitations, our sample was predominantly Caucasian and highly educated, which is consistent with the community from which the participants were recruited but contrasts with other clinical and community-based samples in the literature and limits the generalizability of our results. Findings from the regression analyses were also limited by study sample size, the battery of neuropsychological tests administered, and the specific neuropsychological measures chosen to represent the cognitive constructs of retrospective memory, prospective memory, working memory, executive functioning, and planning. Future research is needed to better understand cognitive factors associated with recovery from interruptions. We placed the interruption after the completion of the first task step for experimental control. Future research may examine the interruption effect on performance at different times or subtask points. In addition, although drawing on a common everyday scenario, the tasks used in this study may have required participants to perform subtasks that they had not encountered before. We also assumed that participants used strategies (conscious or unconscious) to compensate for the task interruption. Examination of self-reported strategies by participants may help to clarify whether participants knowingly changed their strategy.
In summary, this study was carried out in a campus apartment to allow for a more naturalistic and ecologically valid assessment of interruption effects on a set of everyday activities. Results suggest that a brief task interruption taxed cognitive resources of both MCI and HOA groups, but was more detrimental to MCI in terms of time on task and total errors committed. As a consequence of an interruption, HOAs made more task step omissions, but their time on task was not affected. On the contrary, the MCI group took longer to complete the primary task demands, they made the same number of omissions, but made more substitution errors. Although not directly assessed, participant groups appeared to use a speedaccuracy trade-off to mitigate negative effects, where HOAs emphasized speed and MCI participants focused on accuracy. Although MCI participants were able to complete task demands, they made significantly more substitution errors than HOAs when interrupted, which may reflect a further taxing of already reduced executive control. We hypothesize that individuals with MCI may have attempted to hold information online in rote maintenance, which allowed them to manage the interruption without further amnestic deficits. Nevertheless, their memory for details was imperfect over the interruption delay, resulting in substitution/executive based errors. In contrast, HOAs, who may not be as acutely aware of cognitive weaknesses, are suggested to have fully disengaged from primary task goals, switched attention to the interruption, and reoriented their attention following the interruption, resulting in loss of full reactivation of subtask goals. Results also indicate that the more ecologically valid interruption task was more predictive of everyday functional status than the traditional This document is copyrighted by the American Psychological Association or one of its allied publishers.
neuropsychological measures. Given the present findings, both MCI and HOAs may be at risk for errors following an interruption. This is significant cause for concern, especially if an individual fails to return to that sauce simmering on the stove.
